Background: A previous cross-sectional study found reduced lung function among over weight and obese students in Zanjan city. However, there is no reliable evidence about the respiratory function of underweight and normal weight students. The objective of this study was to evaluate lung function and develop prediction equations in underweight and normal weight female young adults residing in Soltanieh city near Zanjan. Materials and Methods: A cross sectional study was conducted on underweight (n=29, mean age=16±0.84 years) and normal weight (n=38, mean age=15.9±0.86 years) sedentary female young adults. Fat mass (FM) was measured by Omron Body Fat Monitor FB-3002. Lean body mass (LBM), waist to hip ratio (WHR), body mass index (BMI) and waist circumference (WC) were calculated. Maximum oxygen uptake was calculated using Queen's College step test. Forced vital capacity (FVC) and forced expiratory volume in one second (FEV1) were recorded, using Spirolab III spirometer. Independent t test, Pearson's correlation test and stepwise linear regression analysis were used for data analysis. Results: FVC and FEV1 were significantly lower than the reference values in both groups (P<0.05). LBM was significantly correlated with FVC and FEV1 in underweight and normal weight groups (P<0.05). Regression equations were derived to predict FVC and FEV1 using LBM. Conclusion: This study suggests that dynamic lung functions are poor in underweight and normal weight sedentary female young adults residing in Soltanieh city and LBM plays a significant role in their lung function.
INTRODUCTION
Lung function is often assessed by measuring FEV1 and FVC (1) . A low FEV1 is related to all-cause mortality and cardiovascular mortality (2) , while a low FVC is associated with higher risk of developing diabetes (3) and myocardial infarction (4) . Our previous study showed that FVC and FEV1 were significantly lower than reference values in overweight and obese male students in Zanjan city with sedentary life styles (5) . It is known as a fact that underweight and normal weight individuals with sedentary life styles have reduced FVC and FEV1 and poor respiratory muscles (6) . In Zanjan, especially in rural areas, spirometric screening of lung function is rarely done at elementary and high school levels, due to the lack of equipment and experienced experts. As a result, there is no dada available about the spirometric characteristics of underweight and normal weight young adults. Therefore, it seemed necessary to assess the non-spirometric measures, which can perfectly reflect lung function in these subjects.
Physical fitness tests are generally accepted and widely used methods to determine health related physical fitness components in high school students (7) . Body composition (FM and LBM) (8) and cardio respiratory fitness (maximal TANAFFOS Azad A, et al. 21 Tanaffos 2014; 13 (2) : [20] [21] [22] [23] [24] [25] [26] oxygen uptake=VO 2max ) (9) are among these components, which can be measured by simple field tests. Association of body fat mass (FM) and its distribution [waist to hip ratio (WHR) and waist circumference (WC)] with pulmonary dysfunction has been reported by longitudinal and cross sectional studies in overweight and obsess people (10) .
Other studies have reported positive correlation of cardiorespiratory fitness (VO 2max , measured by field test) and lung function (11) . Despite these facts, at least in case of underweight and normal weight female young adults living in Soltanieh city, there are no data specifically addressing the relationship of body composition, fat distribution and cardiorespiratory fitness with respiratory function. Also, we do not know which of these variables can predict respiratory function.
The aim of this study was to assess the relationship of body composition (FM, LBM), fat distribution (WHR, WC) and VO 2max with FVC and FEV1 in young female young adults with sedentary life styles residing in Soltanieh city. 
MATERIAL AND METHODS

Subjects
Measurements
Standing height was measured using a flexible tape fixed to the wall and recorded to the nearest 0.1cm. Body weight was measured with an electronic scale, with subjects wearing light indoor clothing and recorded to the nearest 100 gr. BMI (kg/m 2 ) was also calculated. WC, which is a measure of central obesity, was measured with a tape measure in centimeters as the average of measurements made after inspiration and after expiration at the midpoint between the lowest rib and the iliac crest.
WHR was determined as the ratio of WC and the circumference of the hips at the trochanter major (12) .
Body composition measurements: Body FM was measured using bioelectrical impedance analysis (BIA) by Omron BF-300 (Omron Corp., Kyoto, Japan) (13) . LBM was then estimated using the difference of body weight and FM. (14) . ECCS set of equations were used by Spirolab III to calculate reference values according to the ERS guidelines (14) . All tests were done by an experienced technician.
Queen's College step test:
Queen's College step test was used to calculate VO 2max . Participants were required to step up and down on a 16.25 in/41.3 cm step with both feet continuously for 3 minutes. They stepped at a rate of 22 steps per minute. It was important to keep a steady step rate according to a metronome rhythm (the subjects used a four-step cadence, 'up-up-down-down' for 3 minutes). At the end of the test subjects rested for 5 seconds and then their heart rates were counted for 15 seconds. The obtained heart rate was multiplied by 4 to give the beats per minute (bpm), which was used for VO 2max calculation using the equation below (15).
Lean Body Mass and Lung Function Tanaffos 2014; 13(2): 20-26
Women: VO 2max (ml/kg/min) = 65.81 -0.1847 x heart rate (bpm) Statistical analysis: SPSS version 19 was used for data analysis. The data were presented as mean± SD. Because of the non-probability sampling technique (purposive sampling) applied for sample selection, the normality test was performed using Kolmogorov-Smirnov test (Table 1 ). 
Independent t test was
RESULTS
Characteristics of the study subjects are presented in who showed that central fat deposition was not related to lung function in the lean and normal weight persons, in whom central fat deposition was less marked (27) .
According to the WHO classification, subjects of this study with WHR of less than 0.85 and WC of less than 80 cm (Table 1) were considered not having abdominal obesity (28) . A possible explanation for lack of correlation between abdominal obesity and lung function may be the lack of adequate abdominal fat deposition in subjects.
The results of this study did not show any significant correlations between VO 2 max (calculated by Queen's step test) and respiratory indices in underweight and normal weight groups (Table 2) . These results differ from those of (34) . In patients with COPD and low body weight (<80% of usual body weight), a significant association was observed between respiratory muscle strength and fat-free mass measured by dual-energy x-ray absorptiometry (DXA) (33) . Based on this observation and with respect to the observed correlation between LBM and lung function in this study, it may be stated that reduced EVC and FEV1 may be due to reduced skeletal and consequently respiratory muscle mass in our subjects. The probable cause of low dynamic lung function in underweight group may be lower level of physical activity and malnutrition. In prolonged under-nutrition, energy is utilized at the expense of muscle protein leading to respiratory and diaphragm muscle atrophy (24) . We believe that the reduced lung function in the normal weight group is probably the consequent of sedentary life style and malnutrition, which can decrease muscle mass and increase fat mass, respectively.
Based on the results of stepwise regression analysis in Table 3 (34) . These differences can be explained in part by the difference in ethnicity of subjects.
In this study, LBM was found to be a significant indicator of lung function in sedentary underweight and to a lesser extent in normal weight female young adults. Our study developed predictive equations for FVC and FEV1 using linear regression analysis for underweight and normal weight sedentary female young adults living in Soltanieh. Small sample size and being unable to use net muscle mass instead of LBM were the limitations of this study. Our results need to be confirmed in a larger group in future using net muscle mass index.
